This study aimed to evaluate the quality of honey from Apis mellifera L. obtained in Piauí, Brazil. The completely randomized design (CRD) was used in the experiments. Two treatments of honey were prepared: one from beekeepers that use Extraction Units for Bee Products (EUBP) with Best practices for beekeeping (T1), and another one from those which use EUBP without the best practices (T2). Parameters analyzed were: moisture, water activity (aw), pH, acidity, color, detection of Salmonella spp., MPN.g -1 of coliforms at 35°C and at 45°C, counting of coagulase-positive Staphylococcus, standard counting of mesophilic heterotrophic bacteria and detection of yeast and filamentous fungi. The counting of mesophilic heterotrophic bacteria and yeast and filamentous fungi showed abnormalities (p<0.05) in the counting performed in log 10 .g -1 with samples of T1 and T2, respectively. There were presence of fungi of various genus and species, especially Aspergillus spp. and Penicillium spp. The quality of honey from Apis mellifera bees from Piauí, Brazil, was satisfactory regarding parameters of moisture, aw, pH and HMF. Neither Salmonella spp., nor coliforms, nor coagulase-positive Staphylococcus were found. The presence of filamentous fungi in the samples reinforces the need for quality control of honey from Piauí, Brazil.
INTRODUCTION
Honey is one of the oldest food linked to the human history and had always attracted the attention of the man, especially because of their sweetening characteristics (Silva et al., 2004; Bera and Almeida-Muradian, 2007 ). This product is consumed worldwide because it is considered a natural and energetic sweetener, with predominance of sugars, glucose, fructose, saccharose (70% of carbohydrates) and the water in which the sugars are dissolved (Crane, 1983; Barros and Batista, 2008; Aroucha et al., 2008) .
In Brazil, the commercial production of honey is related to the beekeeping, whose history had its beginning with the insertion of the European Apis mellifera bees in the State of Rio de Janeiro in 1839. After the development of adequate handling techniques in the 70's, the beekeeping turned out to be intensely practiced in all States of Brazil (Souza, 2004) .
Furthermore, due to the high international demand for the product and the favorable exportation prices, the apiculture in Brazil changed from a craft activity focused in the domestic market to an entrepreneurial activity with more elaborate and productive techniques focused in the external market. Data from FAO unveil that Brazil has reached the seventh place in exports of honey, with a quantity of 22 thousand tons and a value of US$70,879, benefiting all regions of the country (FAO, 2011) .
Regionally, the Northeastern production is in ascension. Between 1999 and 2005 it has reached 10.9 thousand tons and achieved the second place, behind of the South region of Brazil, which traditionally occupies the first place and achieved a production of 15.8 thousand tons of honey (IBGE, 2006) . Such a fact reflected in 2009, when the Northeastern region was responsible for the production of 14.9 thousand tons of the whole Brazilian production, keeping its second place and approaching the South region, which produced 16.5 thousand tons of honey (IBGE, 2009) .
Thus, like the other States of Northeast, Piauí has a high potential for honey production due to its environmental conditions and its melittophilous vegetation, which make of the beekeeping an outstanding activity in the State as well as in the country. It is of note that Piauí was able to insert honey as an important product among the worldwide exportation commodities. In 2005 and 2006, Piauí was the third biggest producer of honey of Brazil and in 2009 it became the fourth biggest producer in the country (Moura et al., 2013; IBGE, 2006 IBGE, , 2009 .
This productive scenario must conform to numerous quality criteria and certifications, before its commercialization and exportation, once they are subject to frauds, adulteration and contamination due to inadequate manipulation . The microorganisms commonly found in this product are bacteria in its sporulated form, like Bacillus, yeasts and fungi, as the ones of the genus Penicillium, Mucor, Aspergillus and Saccharomyces (Snowdon and Cliver, 1996; Sodré et al., 2007) .
Due to this, the concern with the quality of the honey produced in Piauí became relevant, as well as the knowledge of the microorganisms that are most used as quality indicators in order to conform to the market demands, especially the foreign market.
It is still a reality in the State of Piauí the existence of beekeepers that are in a craft category and ones that use methods for the control of the quality of the extraction established in some Extraction Units for Bee Products (EUBP). The use of the EUBP favors the security of the product when essential cares are taken in order to obtain a good quality honey. To do this, the EUBP and the implantation of Best Practices for Beekeeping (BPB) result in a quality improvement of the honey produced in the State and this necessity appeared with the arousing of exportations and the demands from the foreign market (Vilela, 2000; Moura et al., 2014) .
Thus, to diagnose the quality of the honey of Piauí is important as a way to direct the support activities that will help to develop small and large producers. The aim of this study was to evaluate the quality of the honey of Apis mellifera L. bees obtained from beekeepers of Piauí that use the EUBP with the Best Practices for Beekeeping (BPA) and of that ones who use the EUBP without the Best Practices for Beekeeping.
MATERIALS AND METHODS
Initially a survey was conducted to assess the main municipalities regarding production and exportation of honey in Piauí; it was found that the cooperatives that suited the objectives of the study were concentrated in the central South region of the State, where semi arid climate predominate (Brasil, 2009) . Inside that region, were randomly selected the cooperatives of the cities of Picos (07° 04' 37" S; 41° 28' 01" W), Simplício Mendes (07º51'14" S; 41º54'37" W) and São Raimundo Nonato (09°00'54" S; 42°41'56" W), to the acquisition of honey samples directly from the beekeepers.
The experimental design was the completely randomized design (CRD), with two treatments (T1 and T2) to the honey acquired from beekeepers, summing 54 samples of honey, with 27 collected for treatment. It was considered as treatments, in the scope of this study, the samples of honey from two groups of beekeepers (manipulators) were: the ones that use EUBP with Best Practices for Beekeeping (T1); and the ones that use EUBP without Best Practices for Beekeeping (T2).
Fifty four (54) The physicochemical analyzes constituted the maturity indicators of the honey: moisture and water activity (aw); indicators of deterioration of the honey: pH, acidity and hydroxymethylfurfural (HMF); and the sensorial feature of color. All the analyses were performed in triplicate, following methods predetermined by the Brazilian laws (Brasil, 2000) . The procedures used were in conformation with the analytical norms of the Association of Official Analytical Chemists (AOAC, 1998) . The analyses of water activity (aw) were performed using the digital model of aw determiner Decagon Pawkit.
In all samples of honey sent to the laboratory, 25 gof honey were removed, weighted aseptically and then added to 225.0 mL of peptone saline 0.1%, in order to obtain an initial dilution of 10 -1 and, from this dilution, decimal dilutions were prepared until 10 -3 dilution was reached. The microbiological analyses of the study were focused on the occurrence of Salmonella spp., most probable number of coliforms at 35°C and at 45°C, coagulase-positive Staphylococcus count and standard counting of mesophilic aerobic microorganisms, which were based on methodologies described in 62 nd Normative Instruction (Brasil, 2003) . The serial dilution in its decimal form as described by Pitt and Hocking (2009) was obeyed for standard counting in dishes of filamentous fungi and yeasts and for the identification of the fungi species. Inocula were aliquots of 0.1 mL per Petri dish, on the surface of the medium of Dichloran Rose Bengal Chloramphenicol (DRBC), in duplicate, in each of dilutions used to the general counting. The dishes with DRBC were incubated at 25ºC for seven days, in absence of light. All dishes were analyzed, having selected those which presented CFU.g -1 around 10 and 100. After the counting, the fungi colonies that were selected to identification were isolated and kept until the transplant to their correspondent medium, that was proper to each genus/specie, that is Spezieller Nalvistoffarmer Agar (SNA) for the genus Fusarium and Agar Estrato de Malte (MEA) for the genus Aspergillus and Penicillium.
The fungi colonies belonging to the genera Aspergillus and Penicillium were identified using identification keys described by Klich and Pitt (2002) , based on sowing in four basic mediums: Czapek yeast extract agar (CYA); malt extract agar (MEA); Czapek yeast extract agar 20% sucrose (CY20S) and Agar 25% Glicerol Nitrate (G25N).
A conidial suspension was prepared from each strain in 0.5 mL of a medium constituted of 0.2% of Agar-agar and 0.05% of Tween 80TM, distributed in hemolysis tubes and previously sterilized at 121°C for 5 min (Pitt and Hocking, 2009 ). Then, a needle made of platinum was inserted into the conidial suspension and then transferred to three equidistant points in dishes containing CYA, MEA, CY20S and G25N. These dishes were incubated for seven days at 25ºC. Each strain was identified accordingly to the methods described by Pitt (1988) and Klich and Pitt (2002) .
The HMF data underwent the Kolmogorov-Smirnov K-S proof for normality, and then underwent analyses of variance. For the variables related to the microbiological parameters, ANOVA test was performed with normalized data transformed to log10 (x+1) and the F test was used to confront the existence of relevant differences between the average of the variables between the treatments. The Tukey's test at a significance level 5% was used to compare the averages, in accordance to the procedures established by the Statistical Analyses System (SAS, 1986) . Frequencies of identification of the fungi genus and specie were calculated with the use of SPSS software, version 13.0.
RESULTS AND DISCUSSION
Results of physicochemical analyses were expressed by means of average calculation and standard deviation and compared between the treatments (T1 and T2), and to the values suggested by the 11 th Normative Instruction of the Agriculture and Supply Ministry of Brazil, according to the Table 1 (Brasil, 2000) . Except from acidity in T2, the samples of T1 and T2 were within the limits established by the Brazilian legislation.
The variables of moisture, water activity and acidity showed differences between the treatments (T1 and T2) in the samples of honey of A. mellifera bees of the semi arid region of Piauí. The average values for moisture were below 20% (Table 1) in accordance to the Brazilian legislation (Brasil, 2000) , and were lesser than those found in the same region by Silva et al. (2004) (Sodré et al., 2007) , and in the State of Paraíba (18.8%) (Rodrigues et al., 2008) .
There were difference in moisture values between the results of the two treatments of this study (p<0.05) and the samples of T2 with the largest percentiles ( Table 1) . The Africanized bees cap the honey when moisture is between 17 and 18% (Evangelista- Rodrigues et al., 2005) . This indicates maturity (Brasil, 2000) . This parameter of quality also can influence directly the stability of the honey and the microbial changes by the contamination attributed to the bees, the nectar, the environment and the inadequate handling during the whole processing of honey. The quantity of microorganisms associated to moisture can favors the fermentation when the temperature is high and the storage is made in improper conditions. On the other hand, when analyzing this parameter, the samples of the honeys recently collected by the beekeeper offer probable stability from the microbiological point of view.
The result for the water activity (aw) showed an average value of 0.68 and 0.76, for T1 and T2 (p<0.05). Despite the fact that aw is not an obligatory parameter for quality evaluation according to the Brazilian legislation (Brasil, 2000) , this parameter, together with the levels of moisture, assigns a better protection against the growing of microorganisms. Values over 0.60 may favor the growing of xerophilic fungi and osmophilic yeast, in addition to halophilic bacteria (Jay, 2005; Franco and Landgraf, 2008) . The hygroscopic character of the honey favors the absorption of water in environments where the relative humidity of the air (RH) is superior to that of the honey. Even though the RH of the semi-arid region of Piauí (Brasil, 2005) does not favor the increasing of aw in the honey -since usually the honey handling is made in a hot and dry atmosphere, which is typical of the regionthe average values of aw found in the samples are superior. This may be related to improper storage conditions of the honey after its extraction.
Moreover, these values have be shown to be superior when compared to the average values of aw of 0.58 to 0.60 found by Moura et al. (2014) that evaluated honeys in the semi arid region of Piauí; to the values of 0.49 to 0.66 in honeys from São Paulo (Denardi et al., 2005) ; to the Schalabitz et al. (2010) that described values between 0.54 to 0.62 in the region of Taquari Valley, in the State of Rio Grande do Sul; aw of 0.55 Moroccan honeys (Malika et al., 2005) , and of Kacaniová et al. (2007) , that found values between 0.46 to 0.66 in honeys from Slovakia.
There are no Standards defined for pH in current Brazilian legislation (Brasil, 2000) . Nevertheless, this parameter is important to help in acidity evaluation and, in some degree, to foresee honey quality. There was no difference in pH values between both treatments whose average values found were 3.72 and 3.52 for T1 and T2, respectively (Table 1) 2008; Welke et al., 2008) and over the world (Iurlina and Fritz, 2005; Malika et al., 2005; Tchoumboue et al., 2007) . Such values may be attributed to different flowering composition, as well as nectaries, as Crane (1983) pointed out. Comparing with previous Brazilian legislation (Brasil, 1985) it can be noticed that the results of this study are in accordance with the recommended.
Regarding acidity, there were differences between the treatments (p<0.05), with T2 showing higher averages (Table 1 ) with 55.5% of the samples being above the limit established by the current Brazilian legislation (Brasil, 2000) . The Brazilian norm established a maximum value of 50.0 meq.kg -1 , and the higher values indicate a high possibility of unwanted fermentation occurrence in honey. The results found in T2 were superior to that found by Sodré et al. (2007) that evaluated honeys from Piauí; Rodrigues et al. (2008) that observed values of acidity in honeys from the State of Paraíba; Finola et al. (2007) , observing honeys from Argentina.
The color of honeys studied was similar in both treatments (Table 1) with predominance of a light amber color (Figure 1) . These values were in accordance with the 11 th Normative Instruction (Brasil, 2000) which established that the color of the honey can vary from water-white to a dark amber color. So, the honeys from treatments 1 and 2 had a color that was attractive to the market, in a way that it characterizes the product as well valued by the foreign market (Brasil, 2009) . It is of note the preference of the honey colorization by the Brazilian consumers, once the Brazilian honey is always dealt in a way that it can satisfy the European consumer preferences. This predominance of light amber color was also observed by Mendonça et al. (2008) and Moura et al. (2014) .
Regarding hydroxymethylfurfural (HMF) there were no difference between the treatments T1 and T2 (Table 1) with the values being within limits established by the Brazilian legislation (Brasil, 2000) . The HMF value can identify deterioration of the honey related to the period of storage, sugar addition, pH, moisture and temperature conditions to which it underwent, apart from adulteration (White Junior, 1989 , 1992 . Therefore, HMF values of T1 and T2 samples of honeys suggest that they were not subjected to high temperatures and its analyses were performed quickly. The results obtained were close to those found by Sodré et al. (2007) The results regarding the observed microbiological parameters are shown in Table 2 . Salmonella spp. was absent from all samples of honey, and similar to those of Matuella and Torres (2000) ; Iurlina and Fritz (2005) ; Boff et al. (2008) ; Schlabitz et al. (2010); and Moura et al. (2014) . Current Brazilian legislation (Brasil, 2000) does not determine microbiological parameters to honey, nonetheless the analysis of Salmonella spp. was the only microbiological parameter established by the previous legislation (Brasil, 1978) . Bacteria like Salmonella spp. are capable of surviving in honey; however, they do not grow because of low values of water activity and pH (Snowdon and Cliver, 1996) .
According to Table 2 , in all samples analyzed the counting of coliforms at 35ºC and coliforms at 45ºC in both treatments results were lower than 3.0 MPN.g -1 which evidenced security about the presence of coliforms and enteric pathogens. These results can be justified by the physicochemical composition of the honey, that determines which microorganism will be capable of growing or not. Similar results were found by Iurlina and Fritz (2005) ; Boff et al. (2008) ; Barros and Batista (2008) and Moura et al. (2014) . Silva et al. (2008) associated the absence of these microorganisms to proper hygiene conditions during the processing of honey, guaranteeing the hygienic-sanitary quality of this product.
The counting of coagulase-positive Staphylococcus showed absence in 0.1 g of the sample (Table 2) . These results are similar to those found by Matuella and Torres (2000) and Schlabitz et al. (2010) . The results of T1 and T2 showed that honey was obtained adequately, and that this product has inherent antimicrobial properties that reduce microbial growth and survival, and the properties of the high osmotic pressure and low water activity greatly contribute to this feature.
Microbiological analyzes in food are of fundamental importance for the prevention of diseases transmitted by them, and for the honey would not be different, since it is a widely consumed food in the world. The absence of Salmonella spp., coliforms at 35°C and 45°C and coagulase-positive Staphylococcus indicate that beekeepers, even when using Extraction Units for Bee Products without the Best Practices for Beekeeping (T2), kept the honey free of enteric bacteria, what represents a higher security to the consumer.
Factors such as moisture, aw and pH are limiting for the growth and development of microorganisms (Franco and Landgraf, 2008) . Thus, the absence of the studied microorganisms may have been favored, both in T1 and in T2 (Table 1) , by the moisture range, the water activity level and the pH level that were found in the analyzed samples, which are in conformity with the unfavorable conditions for such growth, especially regarding enteric bacteria, which in most cases can only tolerate an aw level of 0.86 and a pH level of 4.0 as a minimum.
There were differences between the treatments 1 and 2 regarding the count of mesophilic heterotrophic bacteria (Table 2 ). In the samples T1 and T2, the values in CFU.g -1 were 1.0 x 10 4 and 5.0 x 10 4 , respectively, and according to Franco and Landgraf (2008) in most foods the values above which sensorial changes can be detected are superior to 10 6 CFU.g -1
. However, the results of the counting of these bacteria were numerically lower than those found by Iurlina and Fritz (2005) ; Barros and Batista (2008); Schlabitz et al. (2014) . This counting is required to indicate the sanitary quality of foods; even if there have been no deterioration changes to them.
The results for fungi and yeast counting showed difference (p<0.05) between T1 and T2, with higher values for T2 (Table 2) . However, when compared to other studies, they showed to be lower to those of Sodré et al. (2007) ; Kacaniová et al. (2007) ; Silva et al. (2008) ; Boff et al. (2008) and Lieven et al. (2009) . These microorganisms can resist low levels of water activity and pH and for this reason they are usually found in honey. Even though no sensorial changes associated to fermentation occurred in T2, the average acidity of 59 meq.kg -1 in the samples (Table 2 ) may correspond to a parameter indicating fermentation by yeasts. This found may be associated to contamination by primary sources or to the observance of the Best Practices for Beekeeping during the handling of the hives, which emphasizes the importance of continuous monitoring of the processing of honey in order to guarantee that a safe food is commercialized.
However, despite the fact that the counting of filamentous fungi and yeast presented significant difference between T1 and T2 (Table 2), the frequency of genera and species of isolated fungi (Tables 3 and 4) showed contradiction between both T1 and T2. The numbers of fungi genera and species were higher in T1 than in T2, even though T1 is considered to have used the Best Practices for Beekeeping during the handling of the hives. This fact can be conjectured when confronted to the parameter of aw > 0.60 (Table 1) , which according to Denardi et al. (2005) would be a limiting factor for the development of filamentous fungi.
From the 54 samples of honey analyzed, filamentous fungi were found in 42 samples (78.0%). The fungi prevalent in the samples of honey (Table 1) Kacaniová et al. (2007) , when in 30 samples of honey the prevalent genera were Aspergillus, Penicillium and Cladosporium, with the found values higher than those found in T1 and T2 in the semi arid region of Piauí, Brazil. Tchoumboue et al. (2007) reported that in 49 samples of honey from West Cameroon, 18.4% were Aspergillus. The presence of fungi in foods, specially of the genera Aspergillus, Penicillium and Fusarium are undesirable because some species are capable of producing enzymes spoilage; as well as production mycotoxins, that are toxic products of the secondary metabolism and nowadays they represent contamination risk for the environment, which implies serious harm to human health (Corrêa et al., 1997; Bando et al., 2007) .
Among the fungi species identified in this study, those that were found in most of the cases were Aspergillus flavus (33.3%), followed by Penicillium citreonigrum (20.0%) in T1; and Penicillium implicatum (41.7%), followed by Aspergillus niger and its aggregates (25.0%) in T2 (Table 4 ). Among these, the incidence of A. flavus in the honeys of T1 (Table 4 ) must be highlighted and evaluated with caution, since this species is capable of producing aflatoxin (Klich and Pitt, 2002) .
However, the presence of filamentous fungi which produce mycotoxins does not necessarily indicate their presence in the studied food, since, in order to produce mycotoxin, microorganisms require enabling environments such as those with inadequate values and/or high levels of moisture, water activity and pH (Franco and Landgraf, 2008) .
Nevertheless, according to the physicochemical characteristics analyzed (Table 1) , it is possible to notice that the honeys of T1 did not showed enabling conditions to the development and the multiplication of fungi, as well as to the production of mycotoxins. Martins et al. (2003) identified three fungi genera (Aspergillus, Penicillium and Mucor) and two genera of yeast (Sacharomyces and Candida) in honeys from Portugal, including specially A. flavus (57.5%), followed by A. niger (51.3%); and Penicillium spp. and Mucor sp. were isolated in 38.8 and 31.3% of samples, respectively. Aflatoxins, however, were not present in the samples due to the fact that honeys do not offer an enabling medium to the development of secondary metabolites of the multiplication of those microorganisms. Snowdon and Cliver (1996) affirm that bacterial spores, filamentous fungi and yeast can be acquired from primary sources related to the bees, or can be incorporated during the processing of the honey. The quality of honey can be affected by management during harvest. The quality of honey can be affected by handling during harvest. Thus, the beekeeper must perform appropriate procedures from the time of the harvesting of honey from beehives to its transport to the extraction unit, in order to interfere as little as possible in hygienic and sanitary quality.
Thus, the smaller the adoption of Best practices for beekeeping the higher is the contamination by microorganisms, especially by filamentous fungi and yeast, coupled with high levels of moisture and water activity which represent lower stability of the medium and high sanitary risk.
Conclusions
The quality of honey from A. mellifera L. bees produced in Piauí, Brazil was in conformity to moisture, water activity, pH and HMF parameters, especially in samples from beekeepers that use the EUBP. The honey did not show contamination by Salmonella spp., coliforms and coagulase-positive Staphylococcus. Given the results of mycotoxin-producing fungi in the honeys, it is suggested that producers have greater concern for the quality control and use of BPB in all honey production steps.
